Abstract. Inspired by a previous study showing a striking geographical mortality clustering, not attributable to chance, in the south-western region of Spain in 1987-1995, the authors have conducted an ecological study of time trends in all-cause mortality risk between 1987-1995 and 1996-2004 in 2,218 small areas of Spain. To identify high-risk areas, age-adjusted relative risks for each area, stratified by sex and time period, were computed using a Bayesian approach. Areas of high-risk in both periods, or in the second period only, were identified. Annual excess mortality and percentage of people living in these high-risk areas, again stratified by sex and time period, were estimated. The cluster of high mortality risk areas identified in the southwest of Spain during 1987Spain during -1995Spain during persisted in the period 1996Spain during -2004 with an increase in the number of highrisk areas and in annual excess of mortality. These increases showed a gender difference, being more pronounced in women.
Introduction
Descriptive studies of mortality in geographically small areas can provide important and useful information for public health purposes. Through these studies, it is possible to investigate inequalities in health between different areas, generate hypotheses about risk factors that may explain these inequalities, and establish public health policies in specific, high-mortality areas (Elliot et al., 2000; Elliott and Wartenberg, 2004) . In addition, investigating the evolution of mortality over time adds information about risk trends and allows the simultaneous study of persistent patterns, highlighting unusual patterns and exploring potential risk factors in more detail (Richardson et al., 2006; Benach et al., 2007) .
A number of studies focusing on small areas have found geographical inequalities in health and mortality (Pickle et al., 1999; Fitzpatrick et al., 2000; Vaneckova et al., 2010) . While it is essential to evaluate whether or not observed patterns are likely to be due to chance, it is important to also quantify excess of mortality and analyse the temporal evolution of these spatial patterns. In the United States, a number of atlases and articles include comparisons of mortality patterns over time (Casper et al., 1995; Devesa et al., 1999; Ed Hsu et al., 2004; Rogerson et al., 2006; Chiu et al., 2008; Pickle, 2009) . However, there are few European studies providing information on the geographical aggregation of high mortality risk areas that also investigate their temporal evolution (Benach et al., 2007; Exeter and Boyle 2007; Leyland et al., 2007; Bilancia and Fedespina, 2009 ).
In Spain, various geographical mortality studies focusing on small areas show a consistent pattern of high mortality rates in the south, particularly in the Autonomous Community of Andalusia, a region with its own political institutions and legislative and executive powers (Benach et al., 2003a; López-Abente et al., 2006a) . Significantly, one small-area study shows a striking geographical clustering of mortality not attributable to chance, affecting both men and women, in south-western Andalusia, specifically in the provinces of Huelva, Sevilla and Cádiz in the period 1987 (Benach et al., 2004 . To date, there has been no detailed research investigating the temporal evolution of mortality in these areas.
The objective of this article is to report an analysis of the temporal evolution of areas in Spain, identified as having a high mortality risk, between two time periods, i.e. 1987-1995 and 1996-2004 , calculating the annual excess of mortality by gender. Our analysis focuses specifically on the provinces of Huelva, Sevilla and Cádiz in comparison with other areas of the Autonomous Community of Andalusia and the rest of Spain.
Materials and methods

Study design
We performed an ecological study of trends in allcause mortality risk between the periods 1987-1995 and 1996-2004 . The units of analysis were the 2,218 small areas of Spain (municipalities or aggregates of municipalities) used in previous studies (Benach et al., 1997 (Benach et al., , 2003b (Benach et al., , 2004 .
Mortality and population data
Data on mortality for all causes of death were obtained from death certificates held by the Spanish National Institute of Statistics (INE). These data were provided by area of residence, age, sex and 3-year periods. In Spain, for confidentiality reasons, annual mortality data at the municipal level are available only for areas with populations of 10,000 people or more. However, information is also available for smaller areas (i.e. with 3,500-10,000 inhabitants) if the mortality data are aggregated for three or more years. Population data by sex, 5-year age group (e.g., 0-4, 5-9, …, ≥85), and municipality of residence were obtained from INE covering the national censuses of 1991 and 2001. The INE guarantees the privacy of the data providers (households, enterprises, administrations and other respondents) and the confidentiality of the information they provide requires that the information is used only for statistical purposes.
Statistical analyses
Estimation of relative risks of mortality
Separate calculations were performed for sex and time period. The relative risk (RR) of mortality in each of the 2,218 small areas studied was estimated from standardised mortality ratios (SMRs). The number of deaths in each of the areas was obtained by adding together all reported deaths. The whole population for each period was obtained by multiplying the middle year (1991 and 2001 census data, respectively) by the number of years that comprised the period according to previous research (Benach et al., 2004) . We used age-specific mortality rates for Spain as reference rates for calculating the expected counts of death by sex for each small area and for each time period. These age-specific reference rates were obtained from a Poisson regression model with the generalised estimating equations (GEE) modification to account for potential within-area correlation of age-specific mortality (Liang and Zeger, 1986) . To control the high variability of the SMR in areas with small population sizes, we estimated the relative risk of mortality by an empirical Bayes approach (Elliot et al., 1996) . Specifically, we let O i and E i , be the observed and expected counts, respectively, of deaths for each sex and for each time period (1987-1995; 1996-2004) of the i th area, where i = 1, …, 2218. We assumed a Poisson distribution of O i |b i with the following log-linear mean:
where b i represents the independent random effects following a normal distribution with the mean = 0 and variance = σ 2 . Once the empirical Bayes estimation of the random effects b i had been obtained (Pinheiro and Bates, 1995) , we computed the age-adjusted relative risk for the i th area, θ i , from:
Determination of high-risk areas
To identify high-risk areas, we used the following procedure. For each area, we tested a null hypothesis of b i being equal to 0 (Booth and Hobert, 1998) . If the departure from the null value was statistically significant (at the 5% level) and the empirical Bayes estimate of relative risk was above 1, the area was considered to have a statistically significant, elevated risk. Within the set of all such elevated-risk areas, we classified those with empirical Bayes estimates of relative risk above the median as high-risk areas.
Temporal evolution of high-risk areas
The following steps were followed in order to study the temporal evolution of the identified high-risk areas. Firstly, for each sex, the small areas deemed to be of high-risk in both time periods [both periods] or in the second period only (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) [only last period] were represented on a map. Secondly, to facilitate a more detailed study of geographical differences of the high-risk areas in the Huelva, Sevilla and Cádiz provinces, three geographical zones were defined: (i) the provinces of Huelva, Sevilla and Cádiz (here termed HSC) comprised of 149 small areas; (ii) the Autonomous Community of Andalusia, excluding HSC, comprised of 256 small areas (here termed AND); and (iii) Spain, excluding the AND, comprised of the 1,813 remaining small areas in the country (here termed ESP) ( Fig. 1 ). For each of the three geographical zones, stratified by sex and time period, we calculated the annual excess mortality in each period, defined as the difference between the observed and expected deaths divided by 9, and quantified the percentage of the population living in the high-risk areas within each geographical zone (HSC, AND, ESP). The statistical analyses were carried out using SPSS 9.0 (SPSS Inc., 1998, Chicago, IL, USA), SAS 8 (SAS Institute Inc., Ver. 8, 2000, Cary, NC, USA). Graphic design and image management were carried out using Excel 97 (Microsoft Excel, 2003) and MapInfo 7.0 software packages (Corporation Mapinfo 7 ed., 2002, New York, USA).
Results
Between 1987 and 1995, the total number of deaths in Spain was 1,568,152 among men and 1,389,889 among women. These numbers increased in the period 1996-2004 to 1,704,811 and 1,543,094, respectively. For men, the high-risk areas of the period 1987-1995 represented 11.4% (n = 252) of all small areas in Spain, whereas in the period 1996-2004 the figure was 10.7% (n = 238). For women, the percentage of highrisk areas corresponding to the first and second periods were 12.4% (n = 274) and 13.4% (n = 297), respectively. Thus, there was an increase among women and a reduction among men in the variability in mortality in the high-risk areas. For men, although the median of estimated RR was similar for both periods and across the three geographical zones, the maximum value in HSC only increased, from 1.49 during 1987-1995 to 1.63 during 1996-2000. In women, the estimated RR (median, maximum and minimum) increased in the second period for all zones, being more pronounced in HSC. Fig. 2 and Fig. 3 show, for each sex, the areas that evolved to higher mortality levels than Spain overall during the period studied. These areas were either not at high risk in 1987-1995 but became so by 1996-2004, or they were at high risk in both periods. The maps show more clearly, both for men and women, a clear aggregation of high-risk areas in HSC due to the presence of the same high-risk areas in both periods and the emergence of new areas of high-risk in 1996-2004.
When we analysed the situation in HSC in comparison with the rest of Andalusia, and in comparison of the rest of Spain (except for Andalusia), we observed differences in the temporal evolution of the high-risk areas. In men, the number of high-risk areas in HSC and in the rest of Andalusia increased slightly from 49.0% (n = 73) to 51.7% (n = 77) and from 16.8% (n = 43) to 18.0% (n = 46), respectively. In Spain as a whole (except for Andalusia), however, we found that a decline had occurred. The number of high-risk areas fell to 6.3% (n = 115) for 1996-2004, from 7.5% (n = 136) in the period 1987-1995. In women, a considerable increase in mortality was found both in HSC and in the rest of Andalusia. In HSC, the percentage of high-risk areas was 41.6% (n = 62) for the period 1987-1995 and 56.4% (n = 84) for 1996-2004. In the rest of Andalusia, the percentages were 20.7% (n = 53) and 27.0% (n = 69), respectively. In Spain as a whole (except for Andalusia), however, there was a slight decline in the percentage of high-risk areas, with Fig. 2 . High mortality risk areas in both periods (1987-1995; 1996-2004) and in the second period only (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) among men. Fig. 3 . High mortality risk areas in both periods (1987-1995; 1996-2004) and in the second period only (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) among women.
8.8% (n = 159) in the first period and 7.9% (n = 144) in the second period. Table 1 shows the annual excess mortality and the percentage of population at risk by sex, time period, and geographical zone. For men, unlike AND and Spain overall, there was an increase in the annual excess mortality in HSC. The increase in mortality in HSC between the two periods was 10.6% (1,945 deaths for 1987-1995 and 2,151 deaths for 1996-2004) . However, in women there was an increase in the annual excess of deaths for all geographical zones. This was particularly marked in HSC, where there was an increase of almost 70%, from 968 deaths for 1987-1995 to 1,637 deaths for 1996-2004. In men, the percentages of the population living in the high-risk areas during 1987-1995 and 1996-2004 , only increased slightly in HSC (from 73.8% to 78.2%), whereas it decreased in the rest of Andalusia (from 39.7% to 33.8%), and in Spain overall (from 9.5% to 8.3%). In contrast, mortality increased in the female population living in high-risk areas among three zones surveyed with the increase being more pronounced in HSC, from 43.9% during 1987-1995 to 60.5% during 1996-2004 .
Discussion
This study is, to our knowledge, one of the first to analyse small-area mortality risk over time in southern Europe. It estimates the annual excess of mortality and describes in detail the evolution of a striking geographical mortality cluster in Spain. Specifically, this study provides updated and more detailed information about the clustering in areas with the highest mortality in HSC in the south-western region of Spain during 1987 (Benach et al., 2004 . The results also show that the cluster of high-risk areas corresponding to this period in these provinces, both for men and women, persisted into the period 1996-2004. In addition, an increase in the inequality of mortality between zones and sexes was observed. Women experienced a more negative trajectory, showing a considerable increase in the number of high-risk areas, both in HSC and in the rest of Andalusia. In men, although there was a slight increase in the number of high-risk areas between the two periods studied, both in HSC and in the rest of Andalusia, an excess of mortality was only observed in HSC. On the other hand, for women, an annual excess of deaths was observed, both in HSC and in the rest of Andalusia.
The mortality data used in the present study constitute an exhaustive source of information, representative of both local and national levels. Continuous data have been compiled over long periods of time, and fulfil markers of standardisation and quality allowing proper monitoring of the health of the people living in small geographical areas (Percy et al., 1981) . The small areas analysed in this study were constructed to have the maximum level of within-area homogeneity with respect to social factors, as well as an appropriately similar population size in each area (Benach et al., 1997) . Applying geographical information system (GIS) techniques and a method based on three main criteria, i.e. contiguity of small areas, similarity of socioeconomic indicators and a minimum population size, made it possible to reduce the 8,077 municipalities to 2,200 geographical zones with at least 3,500 inhabitants each (Navarro and Benach 1996; Benach 1998) . The aggregation of areas took into account the geographical contiguity and similarity in relation to social homogeneity between areas. Taken together, these factors enabled us to conduct the first nation-
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It is difficult to explain the high mortality observed in this area of southwest Spain, since risk areas are characterised by a heterogeneous set of social determinants and risk and protective factors that can influence the mortality profile and health status in different ways, and the effects of which are difficult to distinguish. The region studied corresponds, in qualitative terms, with one of the most deprived and contaminated areas of the country; when the mortality cluster was first detected it was not identified as the result of a single cause or determinant. Rather, a more plausible explanation for the high rates of mortality observed was the interrelation of social, environmental and occupational determinants (Benach et al., 2004) . Although the exact causes of this high mortality risk remain unknown, data published in the last five years indicate that the previous hypothesis is valid.
With regard to the socioeconomic environment, according to the social yearbook of Spain 2004, the provinces of the south and southwest of Spain had the lowest levels of available income per capita. In particular, the HSC provinces of registered income values approximately 18% lower than the Spanish average (Spanish Annual Social Report, 2004) . Similarly, using data from the 2001 national census, one also observes that these three provinces show the highest rates of unemployment; 23.7%, 24.2% and 29.3%, respectively. These unemployment levels are well above both the Spanish average (14.2%) and the Andalusian average (21.2%) (Population and Housing Census, 2009). Regarding environmental determinants, the precise degree of exposure to risk factors among the population remains unknown at the moment for Spain as a whole. Nevertheless, by means of indirect indicators, it is possible to determine the geographical distribution of industrial contamination, including specific pollutants, which would imply increased exposure for people living and working in these areas. It has been observed that the types of industrial plants situated in the Autonomous Community of Andalusia tend to discharge more pollutants into the air and water as compared to the rest Spain (García-Perez et al., 2007) . On the other hand, an inventory of atmospheric polluting emissions, carried out in the Autonomous Community of Andalusia in 2005 and some specific environmental and toxicological sanitary studies conducted in recent years, have detected two specific south-western areas (Ría de Huelva and Campo de Gibraltar) that consistently present the highest levels of sulphur dioxide, nitrogen oxides, benzene, lead as well as particulate matter of <10 μm (PM10) (Ría de Huelva) and methane (Campo de Gibraltar) (Andalusian Atmospheric Emissions Inventory 2005 , 2009 Environmental Diagnosis in Campo Gibraltar, 2009; Sanitary and Environmental Diagnosis in Ría Huelva, 2009 ). These substances have been associated with increased mortality overall, with specific causes of death (cardiovascular or respiratory), development of various types of cancers (skin, lung, leukaemia, bladder, kidney) or disturbances in the nervous, reproductive and immunological systems (Bertollini et al., 1996; Agency of Toxic Substances and Disease Registry, 2009; International Agency for Research on Cancer, 2009a,b) . In addition, high levels of mortality by different specific-causes of death, such as lung cancer, prostate cancer, heart disease or atherosclerosis (Benach et al., 2001 ; Municipal Mortality in the Province of Cádiz, 2009; Sanitary and Environmental Diagnosis in Ría Huelva, 2009) , and a greater risk of premature mortality in both sexes (Cruz and Almisas, 2009 ) have been found in these two areas when compared to the whole of Andalusia or to Spain as a whole. At the workplace level, the evidence remains much more limited. However, a recent study among workers of the chemical and metallurgical industries in the eight Andalusian provinces suggests that working in the vicinity of the Huelva City industrial chemicals complex (Polo Químico de Huelva) contributes to the accumulation of uranium-238 in the bodies of those who work there (Alguacil et al., 2009 ).
This study does not explain the causes for the differences in mortality found between men and women. Cause-specific and sex-specific mortality studies could help to clarify these disparities. For example, the geographical pattern of mortality shows that lung cancer and bladder cancer in men remain at the highest levels in south-western Spain (Benach et al., 2001; López-Abente et al., 2006b ); these two diseases are generally associated with occupational exposure (Driscoll et al., 2004; Siemiatycki et al., 2004) and socioeconomic factors (Mackenbach et al., 2008; Marletti et al., 2011) . With respect to women, the spatial analysis of breast cancer mortality shows high levels of the disease in south-western Spain. This form of cancer has typically been linked to high socioeconomic status (Kogevinas et al., 1997; Strand et al., 2007) . However, this region is among the poorest in Spain, suggesting that other determinants are affecting breast cancer mortality rates in these areas. Recent studies have strengthened the evidence showing that environmental exposures (including chemical and other occupational risk factors) play a role in breast cancer risk and could therefore, at least partially, explain the high mortality in these areas (Brody et al., 2007) .
Due to the magnitude of the problem and the complexity of its potential causes, it is essential to carry out specific and multidisciplinary studies, incorporating community members, policy makers, practitioners, and other stakeholders when attempting to approach this public health problem (Leung et al., 2004) . Future research efforts might focus on co-morbidities or environmental and occupational risk factors, including spatially distributed variables such as exposure to pollutants. In addition, it will be necessary to compare these results with other health indicators such as incidence (e.g. mapping childhood cancer or occupational cancers) or quality of life indicators designed to quantify the burden of disease, (e.g. estimating the disability-adjusted life years (DALYs World Bank, 1993; Murray and Lopez, 1996; Rubinstein et al., 2010) . However, this type of information is still not available in Spain neither at the provincial nor the municipal level.
Conclusion
This study confirms that an important public health problem persists in south-western Spain, carrying an increased risk of mortality that has intensified in women over time. Although the mapping of high-risk mortality areas cannot pinpoint causative or mediating factors for this problem, or identify the particular mechanisms responsible for these inequalities, it can be used to identify target areas for screening as well as areas for future research into both primary and secondary prevention. It should be noted that mortality represents an extreme event likely to be linked to several environmental, socioeconomic and occupational exposures. The results obtained by this study strongly indicate an important public health problem, with serious effects. In response to these issues, public administrative bodies should urgently adopt a variety of measures. First, the governments should allocate more public health resources for the diagnosis and improvement of evaluations of the situation with scientific studies, including specific studies in areas with the highest mortality levels or multidisciplinary investigations on the interactions between social, occupational and environmental conditions and risk factors. Participatory strategies that empower communities can increase both the quality of research and knowledge translation from research to effective interventions to alleviate the problems identified. Secondly, a programme of monitoring and detection should be consolidated to permit existing problems such as cancer, asthma, allergies and other environmental and occupational diseases to be monitored systematically.
